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ABSTRACT 
 
Nowadays, the use of renewable energy has been increasingly widespread. One of the 
renewable energy that is now gaining attention is the use of solar power. In Malaysia, the use 
of solar power is particularly suitable for our country due to the equatorial climate in which 
our country is experiencing summer and humid throughout the year. There are a lot of 
applications in solar power that can be implemented. One of which is in the agricultural 
industry. Most crops require intensive care to produce quality results, while giving 
considerable returns to operators. Among the factors that influence the quality of the 
production of crops such as bean sprout, are sources of water. Bean sprout need plenty of 
water resources to produce good growth. An irrigation system to watering the seeds regularly 
is needed and at the same time to make sure the seeds are enough of water resources. This 
project concerns in designing an automatic system for bean sprout which integrate with the 
solar power system. The development of hardware consists of charging circuit, relay circuit 
which will integrate with microcontroller for controlling the water pump. The software is the 
development of PIC 18F4550 micro-controller software program that performs delays which 
will control the operation of water pump.  
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ABSTRAK 
 
Pada masa kini, penggunaan tenaga boleh diperbaharui telah semakin meluas. Salah 
satu daripada tenaga boleh diperbaharui yang kini mendapat perhatian ialah penggunaan 
tenaga solar. Di Malaysia, penggunaan tenaga solar adalah amat sesuai kerana negara kita 
beriklim khatulistiwa iaitu mengalami musim panas dan lembap sepanjang tahun. Terdapat 
banyak aplikasi dalam tenaga solar yang boleh dilaksanakan. Salah satu daripadanya ialah 
dalam industri pertanian. Kebanyakan tanaman memerlukan penjagaan yang rapi untuk 
menghasilkan pengeluaran yang berkualiti di samping memberikan pulangan yang lumayan 
kepada para pengusaha. Antara faktor yang mempengaruhi kualiti pengeluaran tanaman 
seperti taugeh, adalah sumber air. Taugeh memerlukan sumber air yang banyak untuk 
menghasilkan pertumbuhan yang baik. Sistem pengairan untuk menyiram taugeh diperlukan 
dan pada masa yang sama perlu memastikan taugeh mendapat sumber air yang mencukupi. 
Projek ini melibatkan rekabentuk satu sistem automatik untuk siraman taugeh yang 
menggunakan sistem kuasa solar. Bahagian pertama adalah terdiri daripada mengecas litar, 
geganti litar yang akan disambung pada mikropengawal untuk mengawal pam air. Manakala 
bahagian kedua adalah berkaitan dengan penulisan program untuk PIC 18F4550 yang 
berfungsi sebagai mengawal tempoh operasi pam air. 
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INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
Bean sprout is a food which produced through seeds germination. Studies 
have shown that production of been sprout is an area of viable business enterprises.  
The factors which influence the production of sprouts should be considered and 
viewed on every stage of their production process. The conventional method of 
growing bean sprout is manually watering the bean during daylight and also watering 
the seeds at night. But inconsistent volume of water and non-uniform patent in 
watering the seeds will result in imperfect sprouting. Due to that, it will influence the 
temperature inside the container thus will reduce the quality of the bean sprouts.  
This project is based on how to produce an automatic system for the 
production of bean sprouts. The system will watering the seeds base on 
predetermines time period. By integrating the photovoltaic power system with the 
machine, it will become more efficient in term of power energy saving and reduce 
the use of man power. 
2 
 
 Research has shown that by using the automated bean sprouts machine, it 
will helps in increase the production of the sprouts. By providing the automatic 
system in process of watering the seeds, it can helps in shorting the period for the 
seeds to sprout.  
The AC motor water pump is used in this project for watering process. In 
order to run the motor, it required a high current inverter and to turn ON the inverter, 
12 volt input DC supply is needed which will be supply from the lead-acid battery. 
This battery will be charged by the solar systems that require a controller which will 
manage the power that produced from the solar to store in the lead-acid battery.  
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1.2 Objective 
The objectives of this project are: 
i. To develop a system that helps in watering the seeds automatically. The 
watering process will be doing automatically base on predetermine time 
period which will control the water pump.  
ii. To develop a system that will help the production of the bean sprout. By 
watering the seeds for a certain periods, thus avoid wastage of water and 
excessive watering.  
iii. To develop a systems that use photovoltaic power systems. The solar module 
will placed at open area so that it will expose to the high intensity sun 
radiation. This radiation will be used by solar module to charge the battery 
thus will provide power for the system.  
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1.3 Scope of project 
The works undertaken in this project are limited to the following aspects: 
i. Develop solar charger circuit to charge the battery thus powering the system. 
ii. Develop software for microcontroller in order to interface the microcontroller 
to control the output for watering the seeds. 
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LITERATURE REVIEW 
 
 
 
 
2.1 Bean Sprout Machine 
 
A bean sprout growing machine in which automatic means is provided for 
spraying hot water at a predetermined temperature and at predetermined time periods 
and for a given length of time for each period to cause beans to sprout and grow [1]. 
If the length of period for watering the seeds is three to four hours, the production of 
bean sprout will be 5.3kg to 6.4kg but if watering the seeds with the length of period 
is two hours, the production will be 8.7kg [4].  Other methods that can influence the 
good quality of bean sprout is spray the seeds with the hot water at about 80°F for 
four to five minutes [1]. The second methods is maintained the temperature and 
humidity within the container by making a path (holes) inside the container for 
draining the water.  
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Other than that, water which has been used for spraying the seeds can be 
reused. This is because by reusing the recycling water, some of the unknown growth 
factor released during the germination and can be resupplied thus can be used for 
stimulation of growth [2]. It also prevents the nutrients from washing away and it can 
help to maintain constant temperature for sprouting and growing [2]. The suitable 
condition of the sprout to growth is in the moist area and also there is no access for 
the light or sunshine can go through the container. The seeds will take four to six 
days to growth and then it ready to eat or cook.  
 
2.2 Solar / Photovoltaic Power System 
 
Photovoltaic (PV) is the most direct way to convert solar radiation into 
electricity [5]. Light striking solar cells is transformed into electric energy. This 
occurs according to a norm called the ‘photo-electric effect’ [4]. A PV cell is a semi-
conductor device consists of a p-n junction that has a built-in Electro-Motive-Force 
(EMF) [4]. As light of suitable quanta of energy reaches the p-n junction, electrons (-
) are freed and holes (+) are formed. These are then determined by the EMF to the 
sides of the p-n junction. When connected to an outer conducting path, the circuit is 
complete thus providing useful electric energy for powering up an electric load [4].  
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Figure 2.1: Photovoltaic Module [12] 
Majority of the PV cell is made by the semi-conductor type silicon (Si) [4]. 
Therefor from this semi-conductor it has developed two type of PV cell such as 
crystalline and thin film. From crystalline type, it was divided into two cells such as 
mono-crystalline and poly-crystalline. Mono-crystalline refers to cell which was cut 
from single crystal of silicon [5]. On the other hand, poly-crystalline refers to cells 
made from many crystals. Thin film also known as amorphous silicon is made from 
non-crystalline silicon that is deposited on the back of glass or other substrates [5]. 
Most popular application of PV cells is mono-crystalline and poly-crystalline due to 
the cell efficiency to absorb the sunlight radiation.  
For solar PV cell or module, there is a factor that will affect the output of PV 
cells. It is a temperature effect. When exposed to the sun, the module temperature 
gets elevated. Thus it will decrease the output of the PV cells. Figure 2.2 shows the 
effect of temperature variation. 
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Figure 2.2: Effect of temperature variation on IV curve [3] 
The higher of cell temperature, the lower it become for output of the PV cells. 
It will produce less power as they get hotter. Thus in PV system design, temperature 
of the cell in operation must be given serious attention. The changing of the weather 
will cause the inconstantly in producing the output power or voltage. Usually in PV 
stand- alone system, there will need a storage supply such as batteries. Normally in 
solar system, it will use the lead-acid type of battery. The output of the PV cell is 
used to charge the battery but due to the changing of weather which will produce the 
inconsistent output, the system needs solar charger controller.  
 
2.3 Charge Controller 
 
Charge controller or charge regulator is a device used to manage the energy 
that flow in the solar power systems. One of the successful factors of the solar 
system is the long-term performance of the batteries. For a system to operate well 
and have long lifespan, the batteries must be charged properly and kept in a high 
state of charge. Over several months, the energy entering the batteries during the day 
(i.e. the solar charge) must be roughly equivalent to the energy being discharge from 
the batteries at night by the load [4].  This device will ensures the batteries always in 
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good condition by preventing it from overcharging and also avoid from deep 
discharging or discharging below their cut-off voltage.  
Generally, there are two types of charge controller. There are linear charge 
controller and switching charge controller [4]. Linear charge controller used to 
continuously adjust the charge supplied the battery at any given moment to maintain 
the optimum voltage. It operates by using a voltage-controlled current source to force 
a fixed voltage to appear at the charge controller output terminal [4]. On the other 
hand, switching charge controller normally used for high power applications and 
systems where efficiency is important. For this type of controller, an active device 
such as a switching transistor is used to cut the input voltage or current to meet the 
load desires. This is accomplished by varying the duty cycle of the switching 
transistor [4].  
 
2.4 Solar Water Pumping System 
 
This system consists of two basic components. These are PV panels and 
pumps. Water pump is a type of motor that used to move fluids or water from one 
place to another place for various reasons. There are many types of water pump 
which are design with the different purpose. The reason is to make the system more 
efficient by using appropriate water pump. There are two types of water pump. One 
is DC water pump which getting supply from the DC sources such as rechargeable 
battery and the other one AC water pump which is power up by the AC source. DC 
water pump is commonly use in the solar water pumping system because of the 
output from the solar panel is in DC so that it can operate without using any 
additional component. In order implement the system on the large scale, the high 
pressure and horse power of DC water pump will be needed thus it also need the big 
solar panel to produce more power and will become more costly. This is because 
most of the large power DC water pump is more expensive compare to the AC water 
pump [11].  
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Usually most of this system is applied at the agricultural industry such as crop 
production and livestock, also for domestic use. The water pumping system is one of 
the appropriate uses for photovoltaic.  A solar-powered pumping system is generally 
in the same price range as a new windmill but tends to be more reliable and 
require less maintenance [7].  
 
 
 
 
 
 
 
 
Figure 2.3: Battery-coupled solar water pumping system [7] 
 PV panel produced the electric current during the daylight hours charges the 
batteries and then supply power to the pump at any time it need. The use of battery is 
for providing the constant supply to the pump. Thus, during the night or a low light 
period, the system can still deliver a constant of water for livestock. 
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METHODOLOGY  
 
 
 
 
3.1 Project Development 
 
In this project, it consist a lot of electronic hardware that will be used in order 
to create this system. It can be dividing into two parts which are design and non-
design hardware. The design hardware are solar charging circuit for the car lead acid 
battery and write the coding for microcontroller that will be used to control the ON 
and OFF of the AC water pump. On the other hand, the non-design hardware is 
power inverter. In this section, the basic idea of designing the electronic hardware 
will be discussed.    
Overall of the system is show in Figure 3.1. As for the input component, it 
consists of two types. It will be the 240V AC supply which getting from our daily 
supply and the second supply is getting from the 12V lead acid or car battery. During 
the daylight, the system will be support by the AC supply. Switching circuit will turn 
ON the AC water pump for watering the seed. 
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 On the other hand, we will use the solar radiation during the daylight to 
charge the battery. As for the night operation, the system will be provided by the DC 
supply which is from the 12V battery. The night operation will be same as daylight 
operation except it used battery and inverter. The implementation of microcontroller 
will be used in this project. It used to control the timing and period for turning ON 
and OFF the AC water pump. 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Overall System 
 
3.2 Solar Charging Circuit 
 
 Voltage regulator LM338 is used in this charging circuit. The LM338 is the 
main component in this charging system. It can provide variable output voltage from 
the range of 1.2V to 32V and at the same time rating for constant output current 
which can pass through regulator around 5A. Due to this features, it suitable to use it 
in charging circuit that used to charge lead acid battery which have a large capacity 
of storage. In order to limit or adjust the output voltage, variable resistor is needed 
Seed’s Container 
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which will connect at the adjustment terminal of LM338. This charger will use the 
input voltage getting from the solar panel thus will use to charge the battery. 
 A TIP122 Darlington NPN Transistor is use in this circuit. It used to cut off 
the circuit when the battery is fully charged. TIP122 Darlington Transistor will go 
into full conduction with a maximum capacity of VBE is 2.5V. The TIP122 is able to 
withstand high current and voltage which current can go through collector terminal 
up to 5A with a maximum voltage 100V. When TIP122 conducts, the adjustment 
terminal will directly connected to ground thus inhibits the working of regulator 
LM338. It will make the current at output terminal goes to zero. The connection of 
the charging circuit is shown in Figure 3.2. 
 
Figure 3.2: Charger Circuit Schematic Diagram 
 
3.3 PIC 18F4550 
 
For the controller itself, PIC18F4550 microcontroller is chosen in order to 
control the system. PIC18F4550 microcontroller is one of the families of 
microcontroller produced by Microchip Technology Inc. Figure 3.3 shows the pin 
diagram for PIC18F4550. The features of this microcontroller includes 2048 bytes of 
SDRAM and 256 bytes of EEPROM data memory, 32kbytes of Flash program 
memory, 10 bit resolution of Pulse Width Modulation (PWM), 13 channel of Analog 
